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Abstract^K broad-band monolithic microwave, iactive inductor is 
proposed and its characteristics are discussed. This active inductor 
consists of a cascode FET with a feedback resistor, and operates in a 
much higher frequency range than a spiral inductor. The sizie is inde- 
pendent ojr the inductance value. Miniaturized wide-band amplifiers in 
two frequency bands are also realized by utilizing the active inductors. 



I. Introduction 

SPIRAL INDUCTORS are often used. in MMIC de- 
signs to reduce chip size. However, this reduction is 
limited in wide-band MMIC's, because several spiral in- 
ductors and other inductive lines should be combined in 
the circuit design for a higher inductance value or, equiv- 
alently, to maintain high resonant frequencies [l]-[3]. 
Another limitation comes from the requirement that the 
spiral inductors should be separated to eliminate cross- 
talk. Most previously reported designs have achieved chip 
size reduction by neglecting the vicinity effect, as indi- 
cated by Pucel [4]. 

To overcome these limitations, we propose an active 
broad-band monolithic microwave inductor which is com- 
posed of two FET's and a feedback resistor. The most 
significant innovation of this active inductor is a novel 
circuit structure which suppresses stray capacitances to 
yield a much higher frequency operating range than is 
possible with conventional passive spiral inductors. Fur- 
thermore, this new device is small and independent of the 
inductance value because the inductance value is deter- 
mined by the feedback resistor. Its performance compared 
to that of conventional spiral inductors is discussed. Ac- 
tive 3-7 nH inductors are fabricated and their character- 
istics discussed. Miniaturized wide-band amplifiers (0.1- 
10 GHz and 0.1-5 GHz) are also realized as the appli- 
cation of the active inductors, where a denser chip cir- 
cuitry packing is achieved through FET-oriented config- 
uration. 
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II. Configuration and Performance : 

A schematic of the proposed microwave active inductor! 
is shown in Fig. 1. The active inductor is composed of a| 
cascode FET and a feedback resistor (i?ext) connected be-; 
tween the gate of the first FET and the drain of the second! 
FET. Cyji and Cg^i are the FET gate-source capacitances. | 
Since, as described below, various inductance values are; 
obtained by changing the values of jRext» area occupied \ 
by the active inductor is independent of the inductance} 
value, I 

The advantages of active inductors over spiral inductors | 
are shown clearly in Fig. 2. The resonant frequency, 
which is the maximum inductor operating frequency, is 
compared in Fig. 2(a) to the iiiductance value at 1 GHz. 
The solid lines show the calculated characteristics of the 
active inductors utilizing 150 /xm gate width FET's with 
a 20 GHz or 40 GHz cutoff frequency It is assumed 
here that each FET has the same Cg, value. The dashed 
line shows the calculated characteristics of the spiral in- 
ductor on 150 /xm thick GaAs substrates, 300 ptm X 300 
^m, iand a 10 ^m line width, with only the line-to-line 
separation changed. As shown in Fig. 2(a), the operating 
frequency range of the active inductor is much wider than 
that of the spiral inductor, especially in the high induc- 
tance region. Furthermore, the operating frequency is ex- 
tended as the FET's are improved. 

In Fig. 2(b), the area of the active inductor and that of 
the spiral inductor are compared. The dots show actual 
spiral, inductance areas reported in recent technical papers 
(e.g., [1] and [2]). In actual wide-band MMIC design, *e 
larger the required . inductance value, the larger the in- 
ductance area necessary. On the other hand, the area of 
the active inductor proposed here is consistently small and 
is independent of the inductance value. The crosses show.; 
the two types of fabricated active inductor areas, where; 
the upper crosses are obtained with 150 iixn gate width ^ 
FET's and the lower ones with the 75 /xm gate width ij 
FET's. Their areas are less than 0.15 mm^ even at high 
inductance value. The area can be further reduced by using 
smaller gate width FET's, more compact dc bias cir- 
cuitry, etc. As shown in Fig. 2(a) and (b), the proposed 
active inductor performs better than the spiral inductors. 

In addition, area reduction from reducing the gate widtn _ 
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Fig. 1. Circuit configuration of the active inductor. 
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2. Comparisons of proposed active inductor and conventional spiral 
inductor, (a) Resonant frequency characteristics, (b) Chip size. 

) results in higher frequency operation of the active 
ictor, which is. easily understood from the equivalent 
:uit shown in Fig. 4. Fig. 3 shows an example of the 
)nant frequency change caused by the gate width, 
ire «ext is 470 Q and/, of the FET's is 20 GHz. An 
.-ease of 23 percent is observed by reducing the gate 
Ith from 150 to 75 ^m, 

III. Maximum Operating Frequency 
'he broad-band characteristics of the active inductor are 
ieved by suppression of stray capacitances. When the 
r is assumed to be a combination of the transconduc- 
:e g„ and the gate-source capacitance Cgj only, the 
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Fig. 4. Equivalent circuit of the active inductor. 

impedance Z of the active inductor is expressed, as fol- 
lows: 

1 + jpyCgsiR^jt 

^ " gm\ +J<*^[Cgs\ - <^8S2 + 0y^Cg,2{CgsxCgs2/ gmlgml)] 

(I) 

where the subscripts 1 and 2 correspond to, respectively, 
the first FET and the second FET in the cascode FET. 
When the cascode FET is composed of FET's with the 
same g„ and the gate-source capacitances C^,i and 
Cgs2 cancel each other. Therefore, (1) is rewritten as 

1 + joiCgsRcxt . . 

Z = ; 7~^' 

+ j(^Cg,{ijiCgs/gm) 

The typical equivalent circuit of this active inductor is 
shown in Fig. 4. In actual microwave FET's, 
icCgsio^CgJgS is sufficiently smaller than Thus the 
proposed microwave active inductor can operate in the 
microwave range. From (2) this active inductor can op- 
erate under the conditions presented in die following 
equation: 

S.^.C./i^SfV (3) 
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Equation (3) can be rewritten as (4) with the cutoff fre- 
quency/ (=gm/27rC^J: 

(///.)' < 1- (4) 

In this equation the maximum operating frequency is about 
one-half of/,. 

IV. Experimental Result 
A photograph of a fabricated GaAs monolithic active 
inductor and a circuit configuration diagram are shown in 
Fig. 5. Two 0.3 /xm X 150 /xm single-gate ion-implanted 
FET's with a typical cutoff frequency of 21 GHz are era- 
ployed. The active inductor is located ih a 400 /xm x 400 
ptm area with dc-cut capacitors separating the dc biases 
for each gate. 

The inductances of the active inductor obtained through 
one-port impedance measurements at port ©, when the 
other, port @, is grounded, are shown in Fig. 6, along 
with the inductances of the spiral inductors calculated un- 
der the conditions of Fig. 2(a). Two kinds of active in- 
ductors are fabricated with external resistances (/?„t) of 
320 n and 800 fi, respectively. Inductances of 3.0 ± 0.4 
hH and 7.7 ± 0.9 nH are obtained at frequencies ranging 
up to 7.6" GHz and 5.5 GHz, respectively. As shown in 
Fig. 6, the active inductors are at a constant inductance 
over a much wider frequency range than the 300 /xm X 
300 /xm spiral inductors. With regard to the resonant fre- 
quency, some differences between the measured. (Fig. 6) 
and calculated (Fig. 2(a)) values can be found. This deg- 
radation results from the parasitic capacitances between 
the dc-cut capacitors and the ground, as well as from the 
distribution lines connecting the inductor elements, 
mainly the lines existing between the first gate and second 
drain of the cascode FET. Therefore, it is important to 
minimize these capacitances and line lengths in the actual 
designs. ■ 

The impedance of the fabricated active inductor changes 
according to the gate bias voltage of the second FET, as 
shown in Fig. 7. This active inductor uses 75 /xm gate 
width FET's and a 470 resistor. The drain bias Vq is 5 
V, the gate bias of the first FET is 0 V, and the gate bias 
voltage of the second FET ( K,) is changed from 0 to 2,5 
V. As shown in Fig. 7, the impedance and resonant fre- 
quency can be widely varied by changing K/. This char- 
acteristic of the active inductor is useful for MMIC char- 
acteristic tuning with no trimming. 

two-port S parameters are also measured with the re- 
sults shown in Fig. 8, where the device exhibits inductive 
characteristics when measured from port(T), but not when 
measured frorh port (f). This difference results from the 
reasons mentioned above. 

V. Application to Wide-Band Amplifiers 
The schematic of a 0.1-10 GHz amplifier utilizing the 
proposed active inductors is shown in Fig. 9. A common- 
gate FET (CGF) with a transconductance of 20 mS is used 
for the input impedance match. A common-source FET 
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Fig. 5. The schematics of the fabricated active inductor, (a) Photograph j 
of the chip, (b) Circuit configuration. 
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Fig. 6. Inductance-frequency characteristics of the fabricated active in- 
ductors along with calculated inductances of the spiral inductors. 

(CSF) with a transconductance of 40 mS is used for the 
gain stage. Active inductors with low-value spiral induc- 
tors and resistors are used at the CGF and CSF output 
ports. The gain and the bandwidth are mainly determined 
by the active inductors. Element values are optimized by 
commercially available CAD software. A photograph ot 
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A : O tV) 
B : OJ (V) 
C : O.S tVl 
0 ; 0.9 tVl 
E : 2 (V} 



Frequency Range 
OJGHz-lOGHz 



Active inductor impedance versus frequency at various gate biases 
(JK, = 75 fjLm, /^eit ^ 470 Q). 




Frequency Range 
0.05GHz-10GHz 



I. S parameters of the fabricated active inductor (two-port measure- 
ment). 
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Circuit configuration of active matching amplifier using active in- 
ductor (O.l-lO GHz). 



bricated MMIC amplifier is shown in Fig. 10, Eight 
fim gate length FET's obtained through epitaxial 
vth are used in this amplifier. The two active induc- 
consist of a pair of 75 /xm gate width FET's and i?ext 
values of 430 0 and 470 Q, respectively. Two FET's 
:h have a 150 fim gate width are used for supplying 
)ias. The input CGF gate width is 150 fim and the 
tut CSF gate width is 300 ptm. The total chip size is 
• 1.0 mm X 1.3 mm x 0.6 mm. Measured and pre- 
td performance agree closely, as shown in Fig. 11, 
re 6 dB gain," input VS^^R less than 2, output VSWR 
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Fig. 10. Photograph of active matching amplifier (0.1-10 GHz). 
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Fig. 11. Performance of fabricated 0.1-10 GHz amplifier 
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Fig. 12- Performance of fabricated 0.1-5 GHz amplifier. 

less than 2.4, and isolation greater than 35 dB are ob- 
tained in the frequency range from 0.1 to 9 GHz. 

A 0.1-5 GHz amplifier is also fabricated by directly 
connecting the terminals of the series spiral inductors in" 
Fig. 9. The measured and predicted performance values 
are shown in Fig. 12, where 7 dB gain, input VSWR less 
than 1.5, output VSWR less than 1.7, and isolation greater 
than 45 dB are obtained in the frequency range from 0.1 
to 4.5 GHz. 
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Fig. 13. Tunable gain characteristics by the gate bias Vi. 
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Fig. 13 shows an example of gain-frequency charac- 
teristic change in the 0.1-5 GHz amplifier according to 
the gate bias voltage V/, From this figure, it is seen that 
an effective gain-slope adjustment can be achieved with 
no trimming. 

VI. Conclusions 
A broad-band microwave active inductor has been pro- 
posed. This active inductor consists of a cascode FET with 
a feedback resistor and has the following features: 

1) very high frequency operation 

2) small size independent of the inductance value. 

These have been demonstrated through analysis and/or 
simulations. Several active inductors have been fabricated 
and tested. The experimental results showed that the ac- 
tive inductors are greatly superior to the spiral inductors 
in miniaturized and wide-band MMIC's. Miniaturized 
wide-band amplifiers with FET-oriented configuration 
have also been fabricated, and good performance was 
achieved. This active inductor should prove valuable in 
designing smaller and more efficient MMIC*s. 
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